Gynura divaricata Kitam. subsp. formosana is a folk medicine used as a hypoglycemic agent for diabetes patients in Taiwan. Guided by the hexose transport assay, the hypoglycemic constituents of the aerial part of this plant were disclosed through chromatographic methods. They are fructooligosaccharides, including β-D-fructofuranose, sucrose, 1-kestose, nystose, and 1 F -β-fructofuranosylnystose. The hexose transport assay indicated that nystose was the most potent among these compounds, showing a 46.7% difference from pinitol in the stimulation index at a concentration of 0.5 mg/mL.
Diabetes has been listed as one of the top ten diseases causing mortality worldwide during the last few decades. This chronic disease requires versatile drug treatments to overcome safety and drug resistance issues. Some traditional Chinese herbs such as Rehmannia glutinosa, Anemarrhena asphodeloides and Alisma plantago-aquatica [1] have met this demand. Gynura divaricata Kitam. subsp. formosana (Compositae) is an endemic vegetable growing along the northern and eastern Taiwan coasts [2] . A water decoction prepared from the fresh aerial part is taken orally to alleviate diabetes. Past studies on related species led to the isolation of terpenyl coumarins [3a] , spirostanol steroids [3b], pyrrolizidines [3c-3f] and chromanones [3g,3h]. The following describes our isolation of active constituents, inulin-related fructooligosaccharides (Figure 1 ), from the aerial part of this plant, guided by the hexose transport assay.
Compounds 1 and 2 were characterized as β-D-fructofuranose and sucrose by NMR ( 1 H, 13 C) and FAB-MS. Compound 3 had a formula of C 18 H 32 O 16 , as deduced by FAB-MS, which showed fragment ions at m/z 505 [M+H] + , 325 [M−glc] + , and 163 [M−glc−fru] + . The 13 C NMR spectrum showed the resonance of α-D-glc C-1 at δ 93.1 (d), and β-D-fru C-2 at δ 103.9 (fru-1 C-2, s), and δ 104.6 (fru-2 C-2, s), which identified 3 as 1-kestose [4a]. Compound 4a, isolated as a peracetylated product with a formula of C 52 H 70 O 35 , [M+H] + at m/z 1255, possessed 14 O-acetyl groups, as reflected by its 1 H-and 13 C-NMR spectra. Therefore, the molecular formula of the parent oligosaccharide 4 was C 24 H 42 O 21 , one hexosyl residue more than 3. Besides the glc H-1 signal (δ 5.73, d, J =3.8 Hz), the 1 H NMR spectrum of 4a showed two AX systems (δ 3.56 and 3.72, J AX = 9.7 Hz; δ 3.62 and 3.79, J AX = 9.2 Hz) and one AB system centralized at δ 4.26, characteristic for H 2 -1 of three fructosyl residues, two of which were the intermediate and terminal ones. The 13 C NMR spectrum of 4a revealed signals for four anomeric carbons, of which one was methine (glc C-1) and the rest quaternary carbons (δ 103.6, 103.5, and 103.1), corresponding to fru C-2s. The HMBC spectrum showed the following correlations: glc H-1 and fru-1 H 2 -1/ fru-1 C-2 (δ 103.6), fru-1 H 2 -1 and fru-2 H 2 -1/ fru-2 C-2 (δ 103.5), and fru-2 H 2 -1 and fru-3 H 2 -1/ fru-3 C-2 (δ 103.1). These observations thus established 4a as nystose tetradecaacetate. Compound 5a, isolated after peracetylation, had a formula of C 64 H 86 O 43 (FAB-MS, [M+H] + at m/z 1543). It contained 17 O-acetyl groups, as reflected by the 1 H and 13 C NMR data. The 1 H-NMR spectrum of 5a was similar to that of 4a except for the additional signals for a hexosyl residue with an AX system for the fru H 2 -1 and a doublet for the fru H-3 (δ 5.47, J = 6.6 Hz). By means of 2D NMR analysis, 5a was identified as 1 F -βfructofuranosylnystose heptadecaacetate. The parent nystose (4) and 1 F -β-fructofuranosylnystose (5) were obtained by treating 4a and 5a with a mixture of 25% aqueous ammonia and methanol (1:1, v/v). Their identities were confirmed by the consistent 1 H and 13 C NMR spectral data with those reported [4a,4b].
The hexose transport assay [4c] was undertaken for 1-kestose (3), nystose (4) and 1 F -β-fructofuranosylnystose (5). The result indicated that 4 was more potent than 5. However, 3 was inactive. Nystose showed 46.7% potency compared with pinitol, using the stimulation index as a marker at a concentration of 0.5 mg/mL NPC Natural Product Communications 2012 Vol. 7 No. 2 221 -222 ( Table 1 ). The hexose transport assay indicates that oligosaccharides might play some role in the hypoglycemic effect of G. formosana. Since the content of glucofructo-oligosaccharides was limited, other constituents possessing either hypoglycemic or a synergistic effect might exist and further study needs to be undertaken. 
Experimental

Basic hydrolysis of 4a and 5a:
The solution of 4a (20.6 mg) in 25% aq. NH 4 OH-CH 3 OH (1:1, v/v, 2 mL total) was kept at room temperature for 3 h, and then condensed under reduced pressure to give a residue (11.6 mg), which was subjected to a Sephadex LH-20 column [20 g, H 2 O-CH 3 OH (9: 1)] to afford 4 (9.5 mg) in 86.8% yield. 5a (22.2 mg) was hydrolyzed and worked up in a similar manner to give 5 (11.4 mg) in a yield of 95.6%. 
Hexose transport assay:
